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Description 

BACKGROUND OF THE INVENTION 

The invention relates to a logging sonde for inves- 
tigating the geological formations traversed by a 
borehole. 

In order to compare the resistivity at various 
points on the wall of a borehole, in particular for dip 
metering, a sonde equipped with measuring pads fit- 
ted on their outer faces with electrodes or transducers 
for being applied against the wall is lowered into the 
borehole. The sonde is suspended from a cable which 
also serves to transmit electrical signals between the 
sonde and surface equipment. 

Measurement per se is normally performed while 
the sonde is progressively raised up the borehole. 
The pads are then applied against the walls of the 
borehole by resilient means such as blade springs. 

A sonde operating in accordance with this princi- 
ple is described in United States Patent No. 
4,614,250. This sonde includes four measuring pads 
which are regularly distributed around the body of the 
sonde with each pad being rigid and made in one 
piece. 

A logging sonde of this type has also been des- 
cribed in the article entitled "Formation Imaging with 
Microelectrical Scanning Arrays" by M.P. Ekstrom et 
al, published in The Log Analyst (Vol. 28, No. 3, May- 
June 1987). The latter sonde includes two adjacent 
measuring pads 90 degrees apart, for providing an 
image of the stratigraphic characteristics of the 
geological formations through which they pass. To 
this end, each of these two pads is equipped with a 
distributed array of electrodes such that by vertically 
displacing the sonde in the borehole it is possible to 
obtain a complete image over the width of the elec- 
trode array. Events of substantially the same size as 
the electrodes are thus detected in the zone scanned 
by each pad. 

For the sake of economy, logging sondes are 
generally designed so as to be capable of being used 
in all existing boreholes, whose diameters vary in 
practice between 1 5.2 cm (6 inches) and 50.8 cm (20 
inches). The diameter of such sondes after the pads 
have been retracted along the sonde body must there- 
fore be slightly less than the minimum diameter of a 
borehole. In practice, the maximum acceptable 
diameter for a sonde with retracted pads is about 12.7 
cm (5 inches). 

Because of this size constraint, the angular field 
of observation of the sonde described in the above 
mentioned article of M.P. Ekstrom et al is relatively 
narrow even in a small diameter borehole. The two 
pads provide two disjoint images in two perpendicular 
directions with the widths of the images being limited 
to the widths of the arrays. In practice, the field of 
observation of this sonde is about 22% in a borehole 



having a diameter of about 20.3 cm (8 inches). Under 
these conditions, it can happen that information of 
major importance for borehole exploitation, e.g. sing- 
ularities having a vertical or sub-vertical nature in the 

5 stratigraphic characteristics of the geological for- 
mation passed through, are not detected. 

In order to remedy this drawback, it is possible to 
perform several successive passes along the same 
borehole with the sonde being angularly offset about 

10 its axis from one pass to another. 

However, it is rarely possible to obtain the desired 
result by this operation since boreholes usually have 
an elliptical section which tends to orient the sonde in 
a privileged direction which remains the same from 

15 one pass to another. Further, the need to run several 
successive passes of the sonde along the same 
borehole penalizes the operator since there is a cor- 
responding increase in the time for which the drilling 
rig is out of service. 

20 An obvious improvement in results would be 

obtained by equipping a logging sonde with four pads 
each fitted with an array of electrodes. However, the 
angular field of observation would remain less than 
50% in a borehole having a diameter of about 20.3 cm 

25 (8 inches), and this is not enough. 

SUMMARY OF THE INVENTION 

The aim of the invention is thus to provide a log- 

30 ging sonde equipped with pads of a new type enabling 
an omnidirectional image of the stratigraphic charac- 
teristics of the geological formations traversed by a 
borehole to be obtained over an angular field of obser- 
vation which is considerably increased relative to 

35 existing sondes, and without increasing the maximum 
diameter of the sonde after the pads have been ret- 
racted along the sonde body. 

To this end the present invention provides a log- 
ging sonde comprising an elongate sonde body, 

40 measuring pads distributed around the sonde body, 
hinged arms connecting the pads to the sonde body 
and maintaining the pads parallel to the longitudinal 
direction of the body, and resilient means applying a 
force to the pads tending to move them away from the 

45 sonde body. According to the invention, the sonde is 
characterized in that each measuring pad is consti- 
tuted by a central element having two side measuring 
flaps hinged thereto parallel to the longitudinal direc- 
tion, said flaps being disposed on either side of the 

50 central element and being staggered relative to each 
other along said longitudinal direction in such a man- 
ner as to form two series of adjacent flaps, the flaps 
of one of the series being offset circumferentially rela- 
tive to the flaps of the other series. 

55 The angular field of observation of a sonde made 

in this way is 100% in a borehole whose diameter is 
less than or equal to about 17.8 cm (7 inches) and is 
88% in a borehole whose diameter is about 20.3 cm 
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(8 inches), and there is no need to perform several 
passes. 

In a preferred embodiment of the invention, each 
of the flaps carries an array of electrodes on its out- 
side face, the arrays of the two flaps of each pad defi- 
ning two overlapping observation zones which are 
angularly offset circumferentially relative to each 
other. An array of electrodes may also be provided on 
the central element. 

Preferably, the resilient means comprise blade 
springs, with a first end of each spring being fixed to 
the sonde body and with the opposite end of each 
spring being connected to the two flaps of one of the 
pads via hinged links. Proper application of each flap 
against the wall of the borehole is thus ensured during 
measurement. 

In order to enable the flaps to be completely fol- 
ded when the sonde is inserted into the borehole, the 
sonde may also include means for automatically con- 
trolling the folding of the flaps against the sonde body 
when the distance between the pads and the sonde 
body is less than a given value, equal, for example, to 
about 2.5 cm (1 inch). 

In the preferred embodiment of the invention, the 
central element of each pad is mounted at the ends 
of two parallel hinged arms of the same length which 
are supported on the sonde body in such a manner as 
to pivot about two mutually parallel axes which are 
orthogonal to the axis of the sonde body, with the pad 
retracting control means acting on one of these two 
hinged arms. 

A method using a logging sonde is set out in claim 

11. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Two embodiments of the invention are described 
by way of non-limiting example and with reference to 
the accompanying drawings, in which: 

- Figure 1 is a diagrammatic vertical section view 
through a portion of a borehole having a logging 
sonde in accordance with the invention inserted 
therein; 

- Figure 2 is a diagrammatic end view of the 
sonde with solid lines showing its pads in the ret- 
racted position, and with dot-dashed lines show- 
ing its pads as deployed in a borehole having a 
diameter of about 17.8 cm (7 inches); 

- Figures 3a and 3b are two developed views re- 
spectively showing the pads of the sonde in the 
retracted position and when deployed in a 
borehole having a diameter of about 17.8 cm (7 
inches); 

- Figure 4 is a fragmentary section view showing, 
on a larger scale, the connection between one of 
the measuring pads and the body of the Figure 1 
sonde, with the various components being shown 
by solid lines in the retracted position and by dot- 



dashed lines in the deployed position; 

- Figure 5 is an end view in partial section show- 
ing one of the pads being retracted against the 
body of the sonde from its deployed position 

5 shown in solid lines to its retracted position shown 

in dot dashed lines; and 

- Figures 6a and 6b are developed views similar 
to Figures 3a and 3b showing a second embodi- 
ment of a sonde in accordance with the invention. 

10 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figure 1 is a diagrammatic view of a portion of a 

15 borehole A such as an oil well traversing geological 
formations for which it is desired to obtain an image 
using as wide an angular field of observation as poss- 
ible. The borehole A may be vertical, as shown in Fig- 
ure 1, or it may slope to a greater or lesser extent 

20 relative to the vertical. 

A dip metering device has been inserted into 
borehole A and Figure 1 A shows only the bottom end 
thereof. In conventional manner, this device is sus- 
pended from a cable (not shown) connected to sur- 

25 face equipment (not shown), with the cable also 
serving to transmit electrical signals between the sur- 
face equipment and the device. 

The dip metering device is in the form of an elon- 
gate body of generally circular section whose 

30 approximately constant diameter does not exceed 
about 12.7 cm (5 inches) at its largest portion. This 
characteristic makes it possible to insert the device 
into any existing borehole, since existing borehole 
diameters lie between about 15.2 cm (6 inches) to 

35 about 50.8 cm (20 inches). 

The measuring device comprises a plurality of 
superposed stages. Starting from the top, these 
stages generally include a telemetry stage providing 
an interface between the cable and an electronic 

40 stage, an inclinometer stage (for determining the incli- 
nation and the azimuth of the device relative to a 
ground reference by means of accelerometers and 
magnetometers), the above-mentioned electronic 
stage (for producing control and excitation signals in 

45 communication with the surface equipment and for 
processing measurement signals), and a dip metering 
sonde. 

The invention relates solely to the sonde which is 
why only this sonde is shown in Figure 1 where it is 
50 designated overall by reference 10. 

The sonde 10 comprises a sonde body 12 having 
a longitudinal axis XX' and constituting the bottom 
portion of the elongate body of the measuring device. 
In the embodiment of Figures 1 to 5, the sonde body 
55 12 carries four measuring pads 14 which are situated 
at the same level and which are regularly spaced 
around the axis XX'. 

The pads 14 are connected to the sonde body 12 
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in such a manner as to be capable of being retracted 
against a smaller diameter bottom portion 12a of said 
body or of being applied against the walls of the 
borehole A. By retracting the pads, the sonde can 
satisfy the maximum diameter constraints for enabl- 5 
ing the device to be inserted into a borehole of any 
diameter. In contrast, the measuring pads must be 
applied against the walls of the borehole in order to 
obtain satisfactory measurements. 

In accordance with the invention, each of the 10 
pads 14 comprises two independent measuring flaps 
constituting a top flap 14a and a bottom flap 14b. The 
two flaps 14a and 14b of the same pad are hinged to 
a central element constituted in the embodiment 
shown in Figures 2, 3a and 3b by a common shaft 26. 15 

Each of the shafts 26 carrying pads 14 is connec- 
ted to the sonde body 12 by two mutually parallel 
hinged arms constituting a top arm 16 and a bottom 
arm 1 8. The arms 1 6 and 1 8 carrying the shafts 26 are 
placed in two mutually perpendicular planes passing 20 
through the axis XX' of the sonde body and they are 
disposed symmetrically about said axis. The sonde 
body 12 together with the shafts 26 and the hinged 
arms 16 and 18 thus constitute four deformable par- 
allelograms enabling the shafts 26 to be permanently 25 
maintained parallel to the axis XX' of the sonde body, 
regardless of the distance between the pads and the 
sonde body. 

The pads are retracted against the small diameter 
bottom portion 12a of the sonde body by a hydraulic 30 
control system 20 which is housed in the top portion 
of the body 12. The system 20 acts on the top ends 
of the hinged arms 16 in a manner described in grea- 
ter detail below. 

At this stage of the description it is merely noted 35 
that the action of the system 20 on the top arms 16 is 
such that these arms are coupled in diametrically 
opposite pairs so that opposite arms 16 are always 
symmetrically extended relative to the sonde body. In 
contrast, the arms of one of the pairs are extended 40 
independently from the arms in the other. This dis- 
position makes it possible for the pads to remain in 
contact with the walls of the borehole while ensuring 
that the sonde body is centered relative to the 
borehole, even when the borehole is oval in section. 45 

The hydraulic system 20 may be made in the 
manner described in United States Patent No. 
4,614,250. 

It should be observed that the hydraulic system 
20 is not essential for the invention. A simplified sonde 50 
could be designed in which the pads are held in the 
retracted position by a latch type system, with the sys- 
tem being remotely unlatched when the sonde is in 
place in the borehole. 

The pads 14 are applied against the surface of the 55 
wall A of the borehole by blade springs 22 interposed 
between the sonde body 1 2 and the flaps 14a and 14b 
constituting each of the measuring pads. The top 



ends of the springs 22 are fixed directly to the sonde 
body 12. The connections between the bottom ends 
of these springs and the various pairs of flaps are des- 
cribed in detail below. The springs 22 are situated in 
the same planes as the arms 16 and 18. 

The use of spring blades 22 makes it possible to 
apply the pads 1 8 against the wall of the borehole with 
a resilient force which is substantially constant 
regardless of the distance between the pads and the 
sonde body. Since diametrically opposite pads 14 are 
symmetrically disposed about the axis XX' of the 
sonde body, the pads 14 are applied against the wall 
of the borehole with a resilient force which is practi- 
cally uniform from one pad to another. 

On the outer face of each of the measuring flaps 
14a and 14b there is an array of electrodes or trans- 
ducers 24 disposed in such a manner as to provide an 
image of the zone of the borehole wall which is scan- 
ned by said array when the flaps move at constant 
speed along the borehole. Electrodes of any shape 
and arrays of any configuration may be chosen, pro- 
viding this result is obtained. 

Thus, and purely by way of example, the elec- 
trodes 24 may be circular and disposed in a plurality 
of superposed rows, with the electrodes of successive 
rows being mutually staggered angularly about the 
axis XX' of the sonde. 

When they are in contact with the wall of the 
borehole, the electrodes serve to measure the resis- 
tivity of the geological formation in front of the flap 14a 
or 14b on which the electrodes are mounted. 

The electrical connections feeding the electrode 
24 from the electronic stage of the dip metering 
device, and the electrical connections by which the 
signal is delivered by the electrodes are transmitted 
to said electronic stage are provided in known manner 
by cabling connecting each of the pads to the sonde 
body, said cabling entering into the pads and into the 
body via sealed feedthroughs. 

The pads 14 are now described in greater detail 
with references to Figures 2, 3a and 3b. 

The outer face of each measuring flap 14a and 
14b carries the electrodes 24 occupying a circular arc 
in a section on a plane perpendicular to the axis XX' 
of the sonde, with the radius of said arc being chosen 
so as to ensure that the face can be properly applied 
against the wall of a borehole regardless of its diame- 
ter. In practice, this radius is generally equal to the 
average value of the radiuses of the boreholes in 
which the sonde can be used. 

As shown clearly in Figures 2, 3a and 3b (see in 
particular the deployed position as shown in dot-das- 
hed lines in Figure 2), the two flaps 14a and 14b of 
each measuring pad extend on opposite sides of their 
common hinge shaft 26. More precisely, all of the top 
flaps 14a extend in the same circumferential direction 
(for example in the counter-clockwise direction when 
the sonde is seen from below) while all of the bottom 



4 



7 



EP 0 285 473 B1 



8 



flaps extend in the opposite circumferential (for 
example in the clockwise direction when seen from 
below). 

Further, all of the flaps 14a and 14b have the 
same circumferential length. This length is chosen to 
be as large as possible so as to obtain a maximum 
amount of circumferential scanning by the electrodes 
carried by each flap. 

The circumferential length of each flap is never- 
theless limited by the need to be able to fold the flaps 
down inside a circle which does not exceed the 
maximum authorized diameter (generally about 12.7 
cm). In this position, as shown in solid lines in Figure 
2, the free end of each top flap 14a becomes flush with 
the end of the adjacent top flap where it is mounted 
on the shaft 26. Similarly, the free end of each bottom 
flap 14b then becomes flush with the end of the adja- 
cent bottom flap where mounted on a shaft 26. 

This arrangement is made possible by the fact 
that the top flaps 14a are offset parallel to the axis XX' 
of the sonde body relative to the bottom flaps 14b. 
More precisely, since the heights of the flaps 14a and 
14b are the same, each of the flaps 14a is mounted 
on the top half of the corresponding pivot shaft 26 
while the bottom flap 14b of the same pad is mounted 
on the bottom half of said shaft. 

The arrays of electrodes 24 on the flaps 14a and 
14b of the same measuring pad thus define two angu- 
lar observation zones which are circumferentially 
staggered relative to each other without any discon- 
tinuity therebetween. 

By virtue of the above-described configuration, 
each of the measuring pads 14 provides an angular 
observation zone which is substantially twice that of 
a one-piece fixed pad as currently used, but without 
increasing the radial extent of the configuration after 
the pads have been retracted. As shown in Figure 3b 
and in dot-dashed lines in Figure 2, when the pads are 
deployed, the flaps 14a and 14b constituting them 
form two series of flaps which are staggered relative 
to each other about the axis XX' with the flap in each 
series being angularly offset about said axis relative 
to the flaps in the other series. In contrast, when the 
pads are retracted (Figure 3a and solid lines in Figure 
2), the top flap 14a and the bottom flap 14b of an adja- 
cent measuring pad 14 occupy practically the same 
angular sector about the axis XX'. 

Thus, the angular field of observation of a logging 
sonde in accordance with the invention is 1 00% when 
the diameter of the borehole is about 17.8 cm (7 
inches), as shown in Figure 3b and in dot-dashed 
lines in Figure 2. Measurement overlap is even 
obtained for boreholes of smaller diameter, with said 
overlap reaching 42% when the sonde is in its closed 
position. Further, the angular field of observation 
remains very high even for boreholes of larger diame- 
ter. For example, it is 88% for a borehole having a 
diameter of about 20.3 cm (8 inches). 



Further, the fact that the two flaps 14a and 14b 
constituting each of the measuring pads of the sonde 
are freely hinged about the corresponding shaft 26 
makes it possible for these pads to adapt automati- 
5 cally to the curvature of the borehole. It is thus certain 
that proper application of the pads against the 
borehole wall will be obtained, thereby guaranteeing 
good quality measurement. 

A more detailed description of the assembly of the 
10 pads 14 of the sonde body 12 is now given with refer- 
ence to Figures 4 and 5. 

The ends of each of the pivot shafts 26 are fixed 
respectively to a top support 28 and to a bottom sup- 
port 30. 

15 Each of the supports 28 is hinged to the end of the 

top arm 1 6 by a shaft 32 extending orthogonally to the 
axis XX' of the sonde body 12. The opposite end of 
the top arm 16 is pivotally mounted on the sonde body 
12 about a shaft 34 (Figure 5) running parallel to the 

20 hinge axis 32 of said arm. 

Similarly, each of the bottom supports 30 is 
hinged to the end of the corresponding bottom arm 18 
about a shaft 36 orthogonal to the axis XX' of the 
sonde body and parallel to the hinge axis 32 of the cor- 

25 responding top arm 16. The opposite end of the arm 
18 is hinged to the sonde body about a shaft (not 
shown) extending parallel to the hinge axis 36 of said 
arm. 

The hinge axes of the arms 1 6 and 1 8 carrying the 

30 same pad 14 are disposed on the sonde body 12 and 
on the corresponding pivot axis 26 in such a manner 
that the arms 1 6 and 1 8 together with the body 1 2 and 
the shaft 26 constitutes a deformable parallelogram. 
Thus, each of the shafts 26 remains constantly paral- 

35 lei to the axis XX' of the sonde body. 

As mentioned above, the pads are folded into 
their retracted position under the control of the hyd- 
raulic system 20 housed in the sonde body. The hyd- 
raulic system is actuated to displace two control rods 

40 40a and 40b (Figure 5) along the axis XX' of the sonde 
body, said control rods being interleaved and 
received in the body 12. These rods 40a and 40b con- 
trol pivoting of each of the diametrically opposite pairs 
of top arms 1 6 about their axis 34 in independent man- 

45 ner. 

One possible example of co-operation between 
the rods 40a and 40b and each of the opposite pairs 
of arms 16 is described in detail in document United 
States Patent No. 4,614,250. This portion of the 

50 sonde is conventional and does not form part of the 
invention. It is therefore not described in detail. 

It is simply recalled that in the embodiment des- 
cribed in the above-mentioned document, each of the 
rods 40a and 40b has two diametrically opposite 

55 studs designated in Figure 5 by references 42a and 
42b, respectively. These studs 42a and 42b extend 
radially from the axis XX' of the sonde body and pene- 
trate into grooves 44 disposed perpendicularly to said 
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axis XX' and formed in each of the top arms 16. More 
precisely, each of the arms 16 is U-shaped in section 
and each of the slots is formed on the inside face of 
an extension of one of the arms of the U extending 
beyond the hinge axis 34. 5 

By virtue of the above-described arrangement, it 
will be understood that moving each of the rods 40a 
and 40b parallel to the axis XX' has the effect of pivot- 
ing the corresponding pair of arms 16 about the axes 
34. 10 

As mentioned above, the pads are applied 
against the wall by blade springs 22 each having one 
end fixed to the sonde body 1 2. As can be seen in Fig- 
ures 4 and 5, in particular, each of the blade springs 
22 acts independently on the two flaps 14a and 14b 15 
of the corresponding measuring pad via two links 46a 
and 46b. 

More precisely, the free ends of the blade spring 
22 has an end fitting 47 hinged to an intermediate part 
50 about a pin 48 extending orthogonally to the sonde 20 
body axis XX'. A first end of each of the links 46a and 
46b is pivotal ly mounted to said part 50 about pins 52a 
and 52b which extend parallel to the sonde body axis 
XX'. The opposite ends of the links 46a and 46b are 
connected to respective ones of the flaps 14a and 14b 25 
by pins 54a and 54b which likewise extend parallel to 
the axis XX'. 

Thus, each of the blade springs 22 applies a resi- 
lient force independently to each of the flaps 14a and 
14b constituting the corresponding measurement 30 
pad, said force tending to move the flaps away from 
the sonde body and to apply them against the wall of 
the borehole. 

When the hydraulic system 20 controls retracting 
of the flaps against the small diameter portion of the 35 
sonde body against said resilient force, the flaps 14a 
and 14b of each of the measuring pads remain nor- 
mally deployed under the pivoting effect applied to 
these flaps about the shaft 26 by the action of the 
blade spring 22. In order to retract the flaps com- 40 
pletely, it is therefore desirable to provide special fold- 
ing means which are now described. 

In the embodiment shown in Figures 4 and 5, 
these folding means comprise, for each measuring 
pad 14, a folding control peg 56. The peg 56 is fixed 45 
to the end fitting 47 at the free end of the correspond- 
ing blade spring 22. 

When the pads are retracted, each of the pegs 56 
bears against a finger 58 formed on one of the flaps 
14a and 14b of the corresponding pad (the flap 14b 50 
in Figure 5). This finger 58 projects from the circum- 
ferential end of the flap situated on the same side as 
the hinge shaft 26 relative to the pin 54b via which the 
link 46b acts on the flap. Under the effect of the pegs 
56 coming into contact with the fingers 58 while the 55 
pads are being retracted, the flaps 14b pivot about the 
shafts 26 so as to fold back against the portion 12a of 
the sonde body. A similar movement of the flaps 14a 



is obtained by virtue of these flaps being connected 
to the flap 14b via the links 46a and 46b and the inter- 
mediate part 50. 

The distance between the pad pivot shafts 26 and 
the sonde body axis XX' at which the pegs 56 come 
into contact with the fingers 58 is designed so that the 
flaps are fully folded when the distance between the 
shafts 26 and the axis XX' is at a minimum. 

As shown in Figure 5, two stages therefore need 
to be taken into consideration when retracting the 
pads. 

In a first stage during which the pegs 56 remain 
at a distance from the fingers 58, the distance be- 
tween the shafts 26 and the axis XX' of the sonde 
body reduces without the flaps 14a and 14b pivoting 
about the shafts 26. The flaps are then held away from 
the sonde body by the blade springs 22. This stage 
corresponds to the displacement D shown in Figure 5. 

In a second, pad-retracting stage, the shafts 26 
continue to move closer to the sonde body under the 
action of the hydraulic control system 20 and as illus- 
trated at D' in Figure 5. However, the pegs 56 now 
press against the fingers 58 so that the flaps 14a and 
14b pivot about their shafts 26 in order to fold back 
against the portion 12a of the sonde body as des- 
cribed above. This pivoting is shown diagrammati- 
cally by arrows F in Figure 5. 

In practice, the displacement D' corresponds to 
about 2.5 cm (1 inch) for example. In other words, if 
the diameter of the sonde after the pads have been 
retracted is about 12.7 cm (5 inches), then the second 
stage of pad retracting begins when the pads lie within 
a diameter of about 17.8 cm (7 inches). 

The above description with reference to Figures 
1 to 5 relates to an embodiment in which the sonde 
has four measuring pads 14 each comprising two 
flaps 14a and 14b hinged on a common shaft 26. This 
embodiment should not, however, be considered as 
being limiting, in particular with respect to the number 
of pads 14 and with respect to the design of the inter- 
mediate part supporting the two flaps of each pad. 

This is illustrated by Figures 6a and 6b which are 
developed views showing another embodiment of a 
sonde in accordance with the invention, in which the 
pads are shown respectively in the retracted position 
and in the deployed position. For the purposes of sim- 
plification, items similar to those of the embodiment 
shown in Figures 1 to 5 are designated by the same 
numerical references plus 100. 

In Figures 6a and 6b, it can be seen that the 
sonde has only three measuring pads 1 14. In accord- 
ance with the invention, each of these pads 1 14 com- 
prises two measuring flaps 114a and 114b, together 
with a central element 126. 

The flaps 1 14a and 1 14b have a relative disposi- 
tion and configuration similar to that of the flaps 14a 
and 14b of the embodiment shown in Figures 1 to 5. 
The same is true of the array of electrodes 1 24 carried 
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by each flap. 

In contrast, the central element is not constituted 
in this case by a common shaft on which the flaps are 
hinged, but rather by a part 126 which extends over a 
certain circumferential width. Consequently, the flaps 5 
114a and 114b are hinged to this part 126 about two 
parallel shafts or hinges, shown diagrammatically at 
126a and 126b. As for the shaft 26 in the above embo- 
diment, the hinges 126a and 126b are held constantly 
parallel to the longitudinal axis of the sonde body by 10 
the arms which support the pads. 

Figures 6a and 6b show that in this embodiment 
the circumferential width of the parts 126 makes it 
possible to place on the outside faces thereof two sets 
of electrodes 124 which are identical to the electrodes 15 
carried by the flaps 1 14a and 1 14b and which are dis- 
posed in line with said electrodes. 

The parts 1 26 are hinged to the arms 116 and 118 
in the same way as in the above-described embodi- 
ment. However, the ends of the blade springs (not 20 
shown) for deploying the pads 114 may be fixed 
directly to the parts 126. The flaps 114a and 114b may 
be deployed under the control, for example, of torsion 
springs mounted on the hinges 126a and 126b. 

In order to enable the flaps to be automatically fol- 25 
ded against the sonde body when the distance be- 
tween the parts 126 and the sound body becomes 
less than a given value, use may be made of fixed 
pegs carried by the sonde body and coming into abut- 
ment against tongues extending the flaps 114a and 30 
114b beyond their hinges 126a and 126b. 

A comparison between Figures 6a and 6b shows 
that this second embodiment provides the same 
advantages as the above embodiment. 

More precisely, it can be seen in Figure 6a that 35 
the space occupied by the sonde in a retracted posi- 
tion remains unchanged relative to existing sondes. 
However, as shown in Figure 6b, the deployed sonde 
nevertheless enables a panoramic image to be 
obtained over a very large angular field of observation 40 
which may be 100% for a borehole having a diameter 
of not more than about 17.8 cm (7 inches). 

The above description clearly shows that a 
measuring sonde in accordance with the invention 
enables a much larger angular field of observation of 45 
the wall of a borehole to be obtained in a single pass 
than can be obtained with existing sondes. In addition, 
the two sets of measuring flaps constituted by the top 
flaps 14a and the bottom flaps 14b are immediately 
adjacent so that there is nothing to fear from rotation 50 
of the sonde about its axis between the passes of the 
electrodes associated with each of these two series of 
flaps. 

The blade springs applying the pads against the 
walls of the borehole could be constituted by resilient 55 
means of a different type. 

If blade springs are used, it has been shown that 
the connection between these springs and the pads 



may be provided in various different ways. A further 
way (not shown) has parts analogous to the parts 50 
shown in Figures 4 and 5 including two cylindrical 
rods parallel to the sonde body axis and received in 
T-shaped grooves formed on the inside faces of the 
flaps in a circumferential direction. 

In a variant, the means for controlling the folding 
of the flaps against the sonde body at the end of pad 
retraction may be omitted providing the space 
occupied by the sonde is acceptable even in the abs- 
ence of such means. 

These means for controlling the folding of the 
flaps may also be different in structure from the des- 
cribed assembly of pegs 56 and fingers 58. In particu- 
lar, they could include pegs formed on the end fittings 
47 and acting on any point of a portion of a flap 
situated on the same side of the hinge pins 54a and 
54b joining the links to the flaps as the pivot shafts 26. 
These pegs could also be directly formed on the 
sonde body. 

Finally, in an embodiment not shown, each pad 
includes two flaps hinged about a common shaft on a 
central element serving as a mechanical support for 
the flaps. This central element is hinged to the ends 
of the arms in the same manner as in the above-des- 
cribed embodiments. 



Claims 

1 . A logging sonde comprising an elongate sonde 
body (12), measuring pads (14, 114) distributed 
around the sonde body, hinged arms (16, 18; 116, 
118) connecting the pads to the sonde body and 
maintaining the pads parallel to the longitudinal direc- 
tion of the body, and resilient means (22) applying a 
force to the pads tending to move them away from the 
sonde body, the sonde being characterized in that 
each measuring pad is constituted by a central ele- 
ment (26, 126) having two side measuring flaps (14a, 
14b; 114a, 114b) hinged thereto parallel to the lon- 
gitudinal direction, said flaps being disposed on either 
side of the central element and being staggered rela- 
tive to each other along said longitudinal direction in 
such a manner as to form two series of adjacent flaps, 
the flaps (14a, 114a) of one of the series being offset 
circumferentially relative to the flaps (14b, 114b) of 
the other series. 

2. A sonde according to claim 1 , characterized in 
that each of the flaps (14a, 14b; 1 14a, 114b) carries 
an array of electrodes (24, 124) on its outside face, 
the arrays of the two flaps of each pad defining two 
overlapping observation zones which are angularly 
offset circumferentially relative to each other. 

3. A sonde according to claim 1 or 2, charac- 
terized in that the central element (126) includes an 
array of electrodes (124) on its outside face. 

4. A sonde according to claim 3, characterized in 
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that the side flaps (1 14a, 1 14b) are hinged about res- 
pective hinges disposed on either side of the central 
element (126). 

5. A sonde according to claim 1 or 2, charac- 
terized in that the two side measuring flaps (14a, 14b) 
are hinged about a common hinge shaft (26). 

6. A sonde according to claim 5, characterized in 
that the central element is constituted by the common 
hinge shaft (26). 

7. A sonde according to any one of claims 1 to 6, 
characterized in that the resilient means comprise 
blade springs (22), with a first end of each spring 
being fixed to the sonde body (12) and with the oppo- 
site end of each spring being connected to the two 
flaps (14a, 14b) of one of the pads via hinged links 
(46a, 46b). 

8. A sonde according to any one of claims 1 to 7, 
characterized in that the sonde also includes means 
(56) for automatically controlling the folding down of 
the flaps (14a, 1 4b) against the sonde body (1 2) when 
the distance between the pads (14a, 14b) and the 
sonde body (12) is less than a given value. 

9. A sonde according to any one of claims 1 to 8, 
characterized in that the central element (26, 126) of 
each pad (14, 1 14) is mounted at the ends of two par- 
allel hinged arms (16, 18) of the same length which 
are supported on the sonde body (12) in such a man- 
ner as to pivot about two mutually parallel axis (34, 38) 
which are orthogonal to the axis of the sonde body. 

10. A sonde according to any one of claims 1 to 
9, characterized in that the sonde further includes 
means (20) for controlling the retracting of the sonde 
(14) against the pad body (12) and acting against the 
force exerted by the resilient means (22). 

1 1 . A method for logging the formations traversed 
by a borehole by means of a logging sonde compris- 
ing an elongate sonde body (12) and first measuring 
pad members (14a,114a) distributed around the 
sonde body, wherein first formation zones circumfe- 
rential ly spaced around the borehole axis are investi- 
gated by applying said first pad members against the 
wall of the borehole and displacing said first pad mem- 
bers along the borehole; characterized in that the 
method further comprises the step of: 

investigating second formation zones angu- 
larly offset relative to the first formation zones about 
the borehole axis by applying second measuring pad 
members (14b,114b) against the wall of the borehole, 
each of said second pad members being movable in 
unison with a respective first pad member (14a,1 14a) 
and angularly offset relative to said respective first 
pad member, each second pad member being longitu- 
dinally offset with respect to said respective first pad 
member thus enabling retraction of said second pad 
members against the sonde body, whereby a high 
percentage of the wall periphery can be investigated. 



Patentanspruche 

1. Eine Logsonde, umfassend einen langge- 
streckten Sondenkorpus (12), Meftkissen (14, 114), 

5 die um den Sondenkorper herum verteilt sind, Gelen- 
karme(16, 18; 116, 1 18), welche die Kissenmitdem 
Sondenkorpus verbinden und die Kissen parallel zur 
Langsrichtung des Korpus halten, und federnde Mittel 
(22), die auf die Kissen eine Kraft ubertragen mit der 

10 Tendenz, sie von dem Sondenkorpus weg zu veria- 
gern, welche Sonde dadurch gekennzeichnet ist, dafi 
jedes Melikissen von einem Zentralelement (26, 126) 
mit zwei seitlichen Meliklappen (14a, 14b; 114a, 
1 14b) gebildet wird, die an jenes parallel zur Langs- 

15 richtung angelenkt sind, welche Klappen beidseits 
des Zentralelementes angeordnet sind und relativ 
zueinander langs der Langsrichtung versetzt sind 
derart, daft sie zwei Serien von benachbarten Klap- 
pen bilden, wobei die Klappen (14a, 1 14a) einer Serie 

20 in Umfangsrichtung relativ zu den Klappen (14b, 
1 14b) der anderen Serie versetzt sind. 

2. Eine Sonde nach Anspruch 1 , dadurch gekenn- 
zeichnet, dali jede der Klappen (14a, 14b; 114a, 
114b) ein Feld von Elektroden (24, 124) auf ihrer 

25 Aulienseite tragt, wobei die Felder der beiden Klap- 
pen jedes Kissens zwei uberlappende Beobach- 
tungszonen definieren, die in Winkelrichtung 
umfangsmaliig relativ zueinander versetzt sind. 

3. Eine Sonde nach Anspruch 1 Oder 2, dadurch 
30 gekennzeichnet, dafi das Zentralelement (126) ein 

Elektrodenfeld (124) auf seiner Aufienseite aufweist. 

4. Eine Sonde nach Anspruch 3, dadurch gekenn- 
zeichnet, dali die seitlichen Klappen (1 14a, 1 14b) um 
entsprechende Scharniere angelenkt sind, die auf 

35 beiden Seiten des Zentralelements (126) angeordnet 
sind. 

5. Eine Sonde nach Anspruch 1 Oder 2, dadurch 
gekennzeichnet, dafi die beiden seitlichen MeBklap- 
pen (14a, 14b) um einen gemeinsamen Scharnier- 

40 zapfen (26) angelenkt sind. 

6. Eine Sonde nach Anspruch 5, dadurch gekenn- 
zeichnet, dafi das Zentralelement von dem gemein- 
samen Scharnierzapfen (26) gebildet ist. 

7. Eine Sonde nach einem der Anspruche 1 bis 6, 
45 dadurch gekennzeichnet, dali die federnden Mittel 

Blattfedern (22) umfassen, mit einem ersten Ende 
jeder Federan dem Sondenkorpus (12) befestigt, und 
mit dem entgegengesetzten Ende jeder Feder, ver- 
bunden mit den beiden Klappen (14a, 14b) eines der 
50 Kissen uber Lenker (46a, 46b). 

8. Eine Sonde nach einem der Anspruche 1 bis 7, 
dadurch gekennzeichnet, daft die Sonde auch Mittel 
(56) umfa&tfurdas automatische Steuern des Herun- 
terfaltens der Klappen (14a, 14b) gegen den Sonden- 

55 korpus (12), wenn der Abstand zwischen den Kissen 
(14a, 14b) und dem Sondenkorpus (12) kleiner istals 
ein gegebener Wert. 

9. Eine Sonde nach einem der Anspruche 1 bis 8, 
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dadurch gekennzeichnet, dali das Zentralelement 
(26, 126) jedes Kissens (14, 1 14) an den Enden von 
zwei parallelen Gelenkarmen (16, 18) gleicher Lange 
montiert ist, die auf dem Sondenkorpus (12) derart 
abgestutzt sind, daft sie sich um zwei zueinander 
parallele Achsen (34, 38) verschwenken, die senk- 
recht zur Achse des Sondenkorpus verlaufen. 

10. Eine Sonde nach einem der Anspruche 1 bis 
9, dadurch gekennzeichnet, daft die Sonde ferner Mit- 
tel (20) umfaftt fur das Steuern des Einziehens der 
Kissen (14) gegen den Sondenkorpus (12), welche 
Mittel gegen die Kraft wirksam sind, die von den 
federnden Mitteln (22) ausgeubt wird. 

11. Ein Verfahren zum Untersuchen der von ei- 
nem Bohrloch durchteuften Formationen mittelseiner 
Logsonde, umfassend einen langgestreckten Son- 
denkorpus (12) und erste MeBkissenglieder (14a, 
1 14a), die um den Sondenkorpus herum verteilt sind, 
wobei erste Fonmationszonen im Umfangsabstand 
rings um die Bohrlochachse untersucht werden durch 
Anlegen der ersten Kissenglieder gegen die Wan- 
dung des Bohrlochs und Verlagern der ersten Kis- 
senglieder langs des Bohrlochs, dadurch 
gekennzeichnet, daR das Verfahren fernerden Schritt 
umfaRt: 

Untersuchen zweiter Formationszonen, die 
winkelversetzt sind relativ zu den ersten Formation- 
szonen um die Bohrlochachse durch Anlegen zweiter 
Melikissenglieder (14b, 114b) gegen die Wandung 
des Bohrlochs, wobei jedes zweite Kissenglied 
gemeinsam beweglich ist mit einem zugeordneten 
ersten Kissenglied (14a, 114a) und winkelversetzt ist 
relativ zu dem jeweiligen ersten Kissenglied, wobei 
jedes zweite Kissenglied in Langsrichtung versetzt ist 
bezuglich des zugeordneten ersten Kissengliedes, 
wodurch das Einziehen des zweite n Kissengliedes 
gegen den Sondenkorpus ermoglicht wird, wodurch 
ein hoherer Prozentsatz der Wandungsperipherie 
untersucht werden kann. 



Revendications 

1. Sonde de diagraphie comprenant un corps de 
sonde (12) allonge, des patins de mesure (14, 114) 
repartis autour du corps de sonde, des bras articules 
(16, 18; 116, 118) reliant les patins a u corps de sonde 
en maintenant les patins paralleles a la direction lon- 
gitudinale du corps, et des moyens elastiques (22) 
appliquant aux patins une force tendant a ecarter ces 
derniers du corps de sonde, la sonde etant caracteri- 
see en ce que chaque patin de mesure est constitue 
d'un element central. (26, 126))surlequel s'articulent, 
parallelement a la direction longitudinale, deux volets 
lateraux de mesure (14a, 14b; 1 14a, 114b) disposes 
de part et d'autre de I'element central et decales I'un 
par rapport a I'autre selon ladite direction longitudi- 
nale, de maniere a former deux series adjacentes de 



volets, les volets (14a, 1 14a) de Tune des series etant 
decales circonferentiellement par rapport aux volets 
(14b, 114b) de I'autre serie. 

2. Sonde selon la revendications 1, caracterisee 
5 en ce que chacun des volets (14a, 14b; 1 14a, 1 14b) 

porte un reseau d'electrodes (24, 124) sur sa face 
exterieure, les reseaux des deux volets de chaque 
patin definissant deux zones d'observation qui se 
chevauchent et qui sont polaires decalees circonfe- 
10 renciellement Tune par rapport a I'autre. 

3. Sonde selon I'une quelconque des revendica- 
tions 1 et 2, caracterisee en ce que I'element central 
(126) porte un reseau d'electrodes (124) sur sa face 
exterieure. 

15 4. Sonde selon la revendication 3, caracterisee 

en ce que les volets lateraux (1 14a, 1 14b) s'articulent 
autour de charnieres respectives disposees de part et 
d'autre de I'element central (126). 

5. Sonde selon I'une quelconque des revendica- 
20 tions 1 et 2, caracterisee en ce que les deux volets 

lateraux de mesure (14a, 14b) s'articulent autour d'un 
axe d'articulation commun (26). 

6. Sonde selon la revendication 5, caracterisee 
en ce que I'element central est constitue par I'axe 

25 d'articulation commun (26). 

7. Sonde selon I'une quelconque des revendica- 
tions 1 a 6, caracterisee en ce que les moyens elas- 
tiques comprennent des ressorts a lames (22), une 
premiere extremite de chaque ressort etant fixee sur 

30 le corps de sonde (12), la deuxieme extremite de ce 
ressort etant reliee aux deux volets (14a, 14b) de I'un 
des patins par des biellettes articulees (46a, 46b). 

8. Sonde selon I'une quelconque des revendica- 
tions 1 a 7, caracterise en ce que la sonde comprend 

35 de plus des moyens (56) pour commander automati- 
quement le repli des volets (14a, 14b) contre le corps 
de sonde (12), lorsque la distance separant les patins 
(14a,14b) du corps de sonde (12) est inferieure a une 
valeur donnee. 

40 9. Sonde selon I'une quelconque des revendica- 

tions 1 a 8, caracterisee en ce que I'element central 
(26, 126) de chaque patin (14, 114) est monte aux 
extremites de deux bras articules (16, 18), paralleles 
et de meme longueur, supportes par le corps de 

45 sonde (12) de facon a pouvoir pivoter autour de deux 
axes (34, 38) paralleles entre eux et orthogonaux a 
I'axe du corps de sonde. 

1 0. Sonde selon I'une quelconque des revendica- 
tions 1 a 9, caracterisee en ce que la sonde comprend 

50 de plus des moyens (20) de commande de repli des 
patins (14) contre le corps de sonde (12) agissant a 
I'encontre de la force exercee par les moyens elasti- 
ques (22). 

1 1 . Procede de diagraphie des formations traver- 
55 sees par un sondage au moyen d'une sonde de dia- 
graphie comprenant un corps de sonde (12) allonge 
etdes premiers patins de mesure (14a, 1 14a) repartis 
autour du corps de sonde, dans lequel on explore des 
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premieres zones de formation espacees circonferen- 
tiellenent les unes des autres autourde I'axe du son- 
dage en appliquant lesdits premiers patins de mesure 
contre la paroi du sondage eten deplagant lesdits pre- 
miers patins de mesure le long du sondage; caracte- 5 
rise en ce que le procede comprend de plus I'etape 
suivante: 

explorer des deuxiemes zones de fonction 
angulairement decalees par rapport aux premieres 
zones de fonction autour de I'axe du sondage en 10 
appliquant des deuxiemes patins de mesure (14b, 
1 14b) contre la paroi du sondage, chacun des deuxie- 
mes patins de mesure etant deplagable a I'unisson 
d'un premier patin de mesure respectif (14a, 1 14a) et 
angulairement decale par rapport audit premier patin 15 
de mesure respectif, chaque deuxieme patin de 
mesure etant longitudinalement decale par rapport 
audit premier patin de mesure respectif permettant 
ainsi le repli dudit deuxieme patin de mesure contre 
le corps de sonde, de maniere a pouvoir explorer un 20 
pourcentage eleve de la peripherie de la paroi. 
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